Effective remyelination in the central nervous system (CNS) facilitates the reversal of disability in patients with demyelinating diseases such as multiple sclerosis. Unfortunately until now, effective strategies of controlling oligodendrocyte (OL) differentiation and maturation remain limited. It is well known that topographical and biochemical signals play crucial roles in modulating cell fate commitment. Therefore, in this study, we explored the combined effects of scaffold topography and sustained gene silencing on oligodendroglial precursor cell (OPC) development. Specifically, microRNAs (miRs) were incorporated onto electrospun polycaprolactone (PCL) fiber scaffolds with different fiber diameters and orientations.
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Abstract 15 Effective remyelination in the central nervous system (CNS) facilitates the 16 reversal of disability in patients with demyelinating diseases such as multiple 17 sclerosis. Unfortunately until now, effective strategies of controlling oligodendrocyte 18 (OL) differentiation and maturation remain limited. It is well known that 19 topographical and biochemical signals play crucial roles in modulating cell fate 20 commitment. Therefore, in this study, we explored the combined effects of scaffold 21 topography and sustained gene silencing on oligodendroglial precursor cell (OPC) 22 development. Specifically, microRNAs (miRs) were incorporated onto electrospun polycaprolactone (PCL) fiber scaffolds with different fiber diameters and orientations. 24 Regardless of fiber diameter and orientation, efficient knockdown of differentiation 25 inhibitory factors were achieved by either topography alone (up to 70 %) or fibers 26 integrated with miR-219 and miR-338 (up to 80 %, p < 0.05). Small fiber promoted 27 OPC differentiation by inducing more RIP + cells (p < 0.05) while large fiber promoted 28 OL maturation by inducing more MBP + cells (p < 0.05). Random fiber enhanced more 29 RIP + cells than aligned fibers (p < 0.05), regardless of fiber diameter. Upon miR- 30 219/miR-338 incorporation, 2 μm aligned fibers supported the most MBP + cells 31 Manuscript Click here to download Manuscript: Manuscript.docx Click here to view linked References   1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 2 (~17 %). These findings indicated that the coupling of substrate topographic cues 1 with efficient gene silencing by sustained microRNA delivery is a promising way for 2 directing OPC maturation in neural tissue engineering and controlling remyelination 3 in the CNS. 3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64 23   1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64 Specifically in this study, we used poly-DOPA coated electrospun fibers with different 8 diameter and orientation to investigate their effects on miR reverse transfection 9 efficiency and enhancement of OPC differentiation and OL maturation. Green Supermix was purchased from Bio-Rad. All primers were purchased from 2 AITbiotech, Singapore. Rabbit anti-oligodendrocyte transcription factor 2 (Olig2) 3 (AB9610), mouse anti-receptor interacting protein (RIP) (MAB1580) and mouse anti- platinum. Over 100 fibers were measured using ImageJ (NIH, USA) to calculate the 19 average fiber diameters and 3 scaffolds were measured for scaffold thickness. In the 20 following text, 2 μm random fiber, 2 μm aligned fiber, 700 nm aligned fiber and 300 21 nm aligned fiber are denoted as 2 μm RF, 2 μm AF, 700 nm AF and 300 nm AF, 23 respectively. 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64 14  1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65   9 Viability Kit and were quantified using ImageJ software. Either live cells or dead cells were quantified by using plug-ins of ImageJ. After changing the images to 8-bit, the "process->binary->watershed" function was used in order to distinguish the edge of 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64 3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65   11 anti-RIP (1:500) and rabbit anti-Olig2 (1:1000). The secondary antibodies used were: nm vs ~300 nm, p < 0.001, Table 1 ) and orientation (random vs aligned) were 20 prepared ( Fig. 1A-D ). There was no significant difference among the thickness of all 22 fiber scaffolds ( Supplementary Fig. 1 ). After DOPA coating, 700 nm AF and 2 μm RF scaffolds had larger water contact angle as compared with 300 nm AF and 2 μm AF 23 scaffolds ( Supplementary Fig. 2 ) As shown in Fig. 2 , the distribution and loading 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 12 efficiency of RNA was similar amongst all experimental groups regardless of fiber 1 diameter and orientation. Specially, a loading efficiency of ~98.7 % was achieved for 2 all scaffolds ( Fig. 2E ). As shown in Fig. 2F , the initial burst release of RNA was ~3 % 3 for all experimental groups. After that, a sustained release of RNA was obtained for 3 4 weeks on all scaffolds. The ultimate accumulative release of RNA from the 700 nm 5 AF group was less than 20 %, which is relatively lower than the other three groups. 6 On 300 nm AF and 2 μm AF scaffolds, ~30 % RNA was released during 3 weeks, which 7 was slightly higher than 2 μm RF group (~24 %). In our preliminary studies, we compared target gene knockdown in cells that were cultured on fiber scaffolds that were treated with scrambled miR vs. plain scaffolds without any miR treatment. As shown in Supplementary Fig. 3 , there was 21 no significant difference in target gene expression between these two treatments.
Loading of miRs onto lyophilized Poly-DOPA coated scaffolds
Coupled with the fact that scrambled miR transfection is often used as the standard 23 control group in most studies involving miR delivery, instead of samples without any 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65   13 iR treatment [6, 10, 26-28], we used scrambled miR-treated scaffolds as controls in 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65   14   1 To evaluate scaffold topographical effects in the absence of gene silencing, 2 gene expression changes were evaluated after treatment with scrambled miRs. In 3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 15 affected the expression of ZFP238, where the silencing was significantly (p < 0.001) 1 higher on 2 μm RF (71 %) than 2 μm AF (60 %). When coupled with miR-219 treatment, aligned fibers with smaller diameter 18 promoted OPC differentiation (300 nm AF vs. 700 nm AF and 2 μm AF, p < 0.05). 19 However, the effects of fiber orientation remained the dominant factor. Specifically, 20 in 2 μm RF group, RIP + cell percentage remained the highest, although the difference 21 with 300 nm AF decreased. Once synergized with cocktail treatment, no significant 22 fiber diameter or orientation effect was observed, although comparatively, 2 μm RF 23 facilitated significantly higher extent of OPC differentiation than 700 nm AF (p <   24   1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64 differentiation extents remained lower than that obtained on larger fibers on day 4 21 (~11 %, p < 0.01 for 2 μm AF) as well as on 2 μm RF on day 7 (~12 %, p < 0.05). 22 Cocktail treatment of miR-219/miR-338 further facilitated OL maturation on all 23 scaffolds. In particular, 2 μm AF group continued to enhance OL maturation more 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 17 than 300 nm AF and 700 nm AF (p < 0.05) at both time points. Notably, in the case of 1 OL maturation, aligned fibers appeared more beneficial by promoting more MBP + 2 cells in 2 μm AF group than 2 μm RF (p < 0.05). 3 4 Altogether, larger fiber diameter promoted OL maturation. Coupled with miR 5 mediated gene silencing, the fiber diameter effects remained unaltered. In fact, the 6 synergistic effect of miR-219/miR-338 appeared more obvious on large aligned fibers. 7 The best condition to facilitate OL maturation was 2 μm AF integrated with cocktail 8 miR-219/miR-338. Due to topographical similarity between the natural structure of axons and 20 nanofibers, electrospun fibers have been used to mimic OL-axon interactions, 21 making them promising platforms for understanding neuronal-glial interaction and 22 OL myelination [29, 30] . In this study, we further expanded the use of electrospun 23 fiber substrates and demonstrated that enhanced OL differentiation and maturation 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65   18   may be achieved by modulating scaffold fiber diameter and orientation, along with   1   effective miR-based gene silencing.   2   3 The effective absorption ( Fig. 2A-E) of RNA onto DOPA-coated nanofibers 4 resulted in sustained release (Fig. 2F ) in all the scaffolds. From day 4, different amount of RNA was released from different scaffolds, which was likely attributed to 6 the differences in hydrophilicity of the samples. In particular, the more hydrophobic 7 700 nm AF and 2 μm RF scaffolds with significantly larger water contact angles 8 ( Supplementary Fig. 2 ), demonstrated slower release kinetics than the other two 9 experimental groups. However, the release profiles did not appear to affect gene As shown in Fig. 4 , fiber topography alone (with scrambled miR), regardless 20 of diameter and orientation, down-regulated the expressions of inhibitory regulators 21 (except FoxJ3 on 700 nm AF) as compared to 2D culture (indicated as y = 0 in Fig. 4 ). 22 PDGFR-α is the only receptor that interacts with both PDGF and bFGF to enhance 23 OPC proliferation and prevent OL differentiation [33, 34] via at least two signaling 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65   19 pathways-MAPK and PKA [35] . In Fig. 4 , with scrambled miR treatment, the 1 smallest fiber, 300 nm AF, achieved the poorest PDGFR-α knockdown, as compared 2 with other groups. This is quite consistent with the result of OL maturation marker, 3 MBP, expression as shown in Fig. 6 . As for PDGFR-α gene silencing, 700 nm AF was 4 better than 2 μm AF, but the effect was possibly eliminated by the 2.5-fold higher 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 20 300 nm AF vs 700 nm AF vs 2 μm AF vs 2 μm RF = 1.54 fold vs 1.34 fold vs 1.32 fold vs 1 1.22 fold). Altogether, in a more inducible environment such as random fibers, miRs 2 appeared to have more limited ability in promoting OPC differentiation, as compared 3 to aligned fibers. Fiber diameter and orientation affected gene uptake and gene silencing in 23 our previous study [22] . Similarly, in this study, we observed a dependence of OPC 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64 23   1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65   22 Funding support by the National Medical Research Council (NMRC), 1 Singapore. (NMRC/CBRG/0002/2012) is acknowledged. 2   3  1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65  1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63 64 65 
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